IT instructors in information systems and computer science departments are often the target of complaints from colleagues in other disciplines who argue that students need to see how IT is applied in their own specific disciplines. We try to address these complaints by devising a course where IT concepts are taught from the perspective of different disciplines. The course presents IT concepts through case studies of complex and specialized IT systems that are used to solve problems in well-defined domains. A pilot implementation of the course is analyzed, with three case studies in anthropology, sociology and chemistry.
The analysis suggests that the case studies had a positive impact on how students, who are not particularly interested in IT, perceive IT in general, and its application to complex and specialized tasks. While the students generally perceived that they learned from the case studies, the results also suggest that the case studies did not have a positive impact on the students' willingness to pursue an IT career or take other IT courses. One plausible explanation for this, based in part on GOMS theory (Card et al., 1983) and cognitive flexibility theory (Spiro and Jehng, 1990; Spiro et al., 1992) , is that subjecting non-majors to complex and specialized IT applications increases their "respect" for IT's potential, but does not help them gain confidence about being specialized IT users themselves. It is quite possible that the degree of technological and domain complexity in the case studies led the students to believe that using IT was too difficult for the tasks that they may have to accomplish in their chosen fields of study.
Several of the negative student perceptions were in connection with the relevance of this type of course for their chosen major or career. These perceptions are consistent with the principles of meaningfulness from minimalist theory (Carroll, 1990; and immediate relevance from andragogy theory (Knowles, 1975; 1984 , 1984b , and suggest that this type of course may not be appropriate as a "core" (i.e., non-elective) course. Some computer problems occurred due to the complexity of the anthropology and chemistry computer systems and related installation problems, which should be easy to resolve in future course offerings. Also, the perceived complexity of the topics can be addressed by dedicating more time to the demonstration of the computer systems and how they relate to the concepts and theory discussed in the lectures.
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Introduction
Information technology (IT) is central to modern society (Toffler and Toffler, 1995) . Moreover, its use and technical development are increasing rapidly (Khosrwopour, 1998; Laudon and Laudon, 1999) . However, it has been shown that learning to use IT effectively in individual and organizational domainspecific processes cannot be done in a single step (Spiro and Jehng, 1990; Spiro et al., 1992) . It requires appropriate introductory concepts, experiences, and motivations, and a life-long commitment to learning (Knowles, 1975; 1984 , 1984b . This paper describes our approach for developing a second level course that provides a strong foundation in IT that is embedded in hands-on use of the technology in different complex, research and information-rich environments for students who are not information systems or computer science majors. Our approach is centered on the development of complex and domain-specific case studies, which are used as the main delivery method in a second IT course for non-majors. In this paper we outline the process and rationale that guided the development of case studies, assessment procedures, and the results of a pilot implementation of three case studies of IT use in anthropology, sociology and chemistry.
Students who participated in this study were drawn from three different sections of a course in computer literacy that was designed for non-computer and information science majors. Students in this course were primarily sophomores, and in this study about 60% were males. Each of the three sections was given a different case study with the presenter (from the relevant subject area) being assisted by the class instructor.
This paper is organized as follows. First, we review theories of IT education, and then we examine current course and curriculum development initiatives, and explain how our project differs from those initiatives. Next we discuss the design of the course, showing which theoretical principles were implemented in the course. Building on this, we discuss a pilot evaluation of the course from both quantitative and qualitative perspectives. We conclude with a discussion of the quantitative and qualitative analyses performed in the previous section vis-à-vis our previous discussion of theoretical considerations. This section also identifies future research opportunities and challenges.
Theoretical Considerations
The increasing utilization of IT in organizations and society has led to the emergence of IT-related learning as a separate and important area of education research. Several theories have been developed, particularly since the 1970s, to explain, predict and help design IT learning materials, courses and curricula, as well as use IT to teach other subjects. These theories include conversation theory (Pask, 1975) , symbol systems theory (Salomon, 1979; 1981; Salomon et al., 1991) , GOMS theory (Card et al., 1983) , programming-facilitated learning theory (Papert, 1980; 1993) , cognitive flexibility theory (Spiro and Jehng, 1990; Spiro et al., 1992) , minimalist theory (Carroll, 1990; , and andragogy theory (Knowles, 1975; 1984 , 1984b . These theories provide important insights into the problems and opportunities associated with teaching IT and using IT to teach other subjects. A brief summary of these theories is provided in Table 1 , which leaves out the last two theories, namely minimalist theory (Carroll, 1990; and andragogy theory (Knowles, 1975; 1984 , 1984b , from which key principles are implemented in our course. These two theories are reviewed separately and in more detail below with an emphasis on key principles of each theory. Carroll (1990; developed the minimalist theory, which is a general theory of IT education that places particular emphasis on principles for the design of IT instruction materials (Van Der Meij and Carroll, 1995) . The theory proposes five main principles for IT education: meaningfulness, application, improvisation, recovery and realism. The principle of meaningfulness states that all IT learning tasks should be self-contained and meaningful to the learners. The principle of application states that learners should be given realistic IT projects as soon as possible in their learning curve. The principle of improvisation states that IT instruction should permit self-directed reasoning and improvising. The principle of recovery states that IT training materials and activities should allow for error recognition and recovery. Finally, the principle of realism states that there should be a close linkage between the training and the actual use of the system. Knowles's (1975; 1984 , 1984b ) theory of andragogy places particular emphasis on adult learning of IT. The theory highlights the fact that adults are self-directed and expect to take a proactive role in and responsibility for IT learning decisions. Andragogy theory advocates that IT instruction for adults needs to focus more on the process and less on the content being taught. It points out that strategies such as case studies, role-playing, simulations, and self-evaluation are useful in achieving this goal. Andragogy theory espouses the notion that instructors should adopt the role of facilitators rather than those of lecturers or graders. Andragogy theory can be summarized through four main principles: design involvement, experiential learning, immediate relevance, and problem solving. The principle of design involvement states that adults need to be involved in the planning and evaluation of their IT instruction. The principle of experiential learning states practical experience, including mistakes, should provide the basis for IT learning activities. The principle of immediate relevance states that adults are most interested in, and thus learn more efficiently, IT subjects that have immediate relevance to their job or personal life. The
Theory Description References

Conversation theory
Argues that IT learning occurs through conversations about IT in the context of a subject matter and that these conversations serve to make knowledge explicit.
Pask, 1975
Symbol systems theory
Argues that different communication media involve different levels of processing when used to convey subject matter content. For example, the theory suggests that watching television requires less mental processing than reading a book, and that thus the mental schemas developed through the former are less elaborate than those developed through the latter. Salomon, 1979; 1981; Salomon et al., 1991 GOMS theory Focuses on the cognitive skills required for human-computer interaction. GOMS stands for goals, operators, methods and selection rules, which make up the four main components of the theory.
Card et al., 1983
Programmingfacilitated learning theory
Argues that children can better understand concepts in a variety of domains, including mathematics, if they are able to operationalize those concepts through writing computer programs. Papert, 1980; 1993 Cognitive flexibility theory
Focuses on the nature of learning in complex and ill-structured domains and is largely concerned with the transfer of IT knowledge and skills beyond their initial learning situation. Spiro and Jehng, 1990; Spiro et al., 1992 Table 1: Main IT learning theories principle of problem solving states that effective adult IT learning is problem-centered rather than content-oriented.
Our second IT course for non-majors aims at providing a strong foundation in IT that is embedded in hands-on-use of the technology in different complex, research and information-rich environments. These key goals call for the implementation of a subset of the theoretical principles discussed above. We specifically implement, in a first step, the principles of application and realism from Carroll's (1990; minimalist theory, and the principles of experiential learning and problem solving from Knowles's (1975; 1984 , 1984b ) theory of andragogy. The implementation of these principles is discussed later in the paper. A discussion of how the implementation of other theoretical principles, which would require an expanded set of goals for our course, would likely affect the outcomes of the course is provided at the end of the paper, along with challenges to be addressed in further research.
Current Course and Curriculum Development Initiatives
It is useful to look at funded projects in order to identify key curriculum development initiatives. For example, by reviewing the projects in course and curriculum development supported by the National Science Foundation (NSF) in the US, one can see the depth of concern and the extent and variety of efforts addressing the problem of teaching IT to non-majors. Listed below, in Table 2 , are some representative approaches to the introductory and second level IT courses for non-majors.
The current interest in innovative approaches for IT teaching to non-majors can also be drawn from the recent literature on IT education, such as the studies by Gurwitz (1998) , Joyce (1998), Schneider (1999) and Marks et al. (2001) . Gurwitz (1998) uses the Internet as a motivating theme of a computer literacy course for non-majors. We differ in that we try to provide a more advanced understanding of IT concepts and application, beyond the scope of computer literacy courses. Joyce (1998), for example, uses a case building approach in which students learn through writing an essay about how an individual (the main subject of their essay) uses a computer to solve a specific problem. We differ in that several cases are analyzed in one course, each prepared by an expert in the field and involving actual hands-on use of the computer tool used by the expert. Schneider (1999) uses a course in computational science as a bridge between science disciplines particularly physical and natural sciences. We differ in that we are not restricted to a specific group of non-majors. For example, we assume that our students already have some basic knowledge about word processing and spreadsheet tools as well as Internet-related skills, which they should have acquired from a basic level computer literacy course. Marks et al. (2001) developed a computer applications course that incorporates case studies for an adult education context. Their approach is similar to ours. Moreover, we agree with their observation that their course " … can be modified to serve as an alternative introductory course for non-majors." (p. 84) However, their case studies are all drawn from areas within computer science whereas we emphasize case studies that are drawn from the disciplines of our three non-computer science lecturers. We believe that "grounding" these case studies in different subjects will better motivate students and help convince them of the wide ranging versatility of this ubiquitous tool. This is a key for them to not only become computer fluent but to stay current with technology long after they finish this course.
We should also note that interest has continued since we first began discussing our ideas for developing a course in computer fluency. For example, a colleague from Haverford College, Dr. John Dougherty, is organizing a working group on IT fluency for the ACM2002 ITiCSE conference as a follow-up to a session he organized at the ACM SIGCSE Technical Symposium in 2001 (additional information is available at: http://www.cs.haverford.edu/ITfluency/). Thus, a lot of interest exists in developing and implementing computer fluency courses similar to the prototype discussed in this paper.
Course Design
From a theoretical perspective, our approach to teaching IT implements the principles of application and realism from Carroll's (1990; minimalist theory. The case studies employ realistic IT projects that closely tie training with the actual use of the system. Our approach also implements the principles of experiential learning and problem solving from Knowles's (1975; 1984 , 1984b ) theory of andragogy. We emphasize the solution of practical problems in specific domains in our course and adopt a problemcentered rather than content-oriented approach to IT learning.
The course uses a case study approach to lead students through the solution of substantial problems that integrate domain-specific knowledge and logic, general scientific problem-solving strategies, IT and mathematical methods, and coordinated use of a number of IT tools. Students see how professionals from specific disciplines use IT to solve complex problems. Those professionals explain the domain knowledge and logic and together with the IT faculty discuss the process by which IT is deployed. The goal is to help students become personally involved in IT-supported problem solving as active learners, almost as if they were members of the project teams examined in the case studies. Students work on lab projects to adapt the methods and software used in case studies to solve real world problems in specific disciplines.
Complementing the case studies are modules describing salient aspects of IT. These modules establish the conceptual and technological context within which applications and continued learning will take This project shares some of our goals (some quotes from the proposal): "... to reach students who would not normally consider technologically oriented courses, the course ... will require no mathematics." "The course will use a handson, active approach to learning." We differ in the problems being considered. We are stressing the use of a few, well developed, domain-specific problems, presented and motivated by domain experts, rather than a multiplicity of "toy" problems. The media used in our two projects are different. The Dartmouth group has worked on development of a CD-ROM. We will make our material available on the Web.
Laboratory for Great Ideas in Computer Science (DUE 7400) J. Howland and G.Pitts -Trinity University, San Antonio, Texas.
Though aimed at a similar student population, their proposal, partially quoted next, differs substantially from ours: "This new course concept implements a contained laboratory that uses a breadth first rather than depth first approach to cover a broad range of computer science topics at the introductory level." We are not aiming for coverage of many topics, we are aiming for few topics, to be experienced in a rich motivating environment.
A second Course in Computing for Non-Majors (DUE 7410) J. Waxman -Queens College, CUNY, New York.
Here, what is proposed is "... a second course which focuses on the acquisition and presentation of data and information. For data acquisition, the course gives the student high level mastery of the Internet. For the presentation of information students will master a multimedia authoring system..." Our interest is less with the tools and more on their role in problem solving as demonstrated by case studies and in student projects. We believe that IT is used not just because "it is there", and for what "it might do", but because students experience how to use it to become successful problem solvers. place. Where the first IT course for non-majors provides the foundations for students to use basic IT tools and concepts, our second IT course helps students use IT in their problem-solving at the level required by higher level discipline-specific courses. Thus such courses can focus on discipline content instead of repeatedly worrying about developing IT skills.
More specifically, professionals from chemistry, anthropology and sociology were selected based on their use of IT in their respective disciplines. These professionals created domain specific IT case studies derived from real research problems. Since the main criteria for the case studies is that professionals use IT to solve discipline specific complex problems, the current case studies could be easily replaced by case studies from other disciplines. Each case study is presented to the students over a period of two weeks. Each week consists of two lectures and one lab to provide the students with background information for the case study as well as hands-on exposure to the IT involved in the case. The students are given an assignment to complete by the end of each case study to demonstrate their understanding of the case and knowledge of the associated IT.
This is a fourteen-week course that alternates every two weeks between IT modules and the case studies. In addition, the first week is used as an introduction and overview of different topics that will be covered. The final week is reserved for students to present their projects. The IT modules follow the same format and are taught by either information technology or computer science faculty.
The course culminates with a final project, demonstrating the synthesis of some of the concepts covered during the semester. Additional information about the course, including course materials, slides, and assignments, can be found at http://ww2.cis.temple.edu/nsflll/ (three small letter "l"s follow "nsf").
Assessing a Pilot Implementation of the Course
A pilot implementation of the course was conducted with students of an introductory course on IT. This course is a typical "computer literacy" course covering topics such as Microsoft Office and basics of using the World Wide Web. The pilot implementation was conducted at the end of the introductory course so that the students would already have learned basic IT skills that come from taking a computer literacy course. The three case studies described in Appendix A (in anthropology, sociology and chemistry) were taught in three different sections of the introductory course. After each case study, students were asked to complete the questionnaire in Appendix B, which contains multiple choice and open-ended questions. Below, we summarize the results of the analysis of this research data, which have also been discussed in a previous paper (Kock et al., 2002) . Table 3 summarizes the quantitative answers from the questionnaire in Appendix B, separated by application area. They suggest that students, on average, did not have a good knowledge of IT (Q1), were not particularly interested in taking IT courses (Q2), and were not generally attracted to IT (Q3) prior to taking the course and working through the cases.
Regarding the impact of the case studies on students' IT perceptions, the answers suggest that the case studies: did not have a positive influence on their perception that they should take more IT courses in the future (Q4); did not have a positive influence on their perception that they should pursue an IT career (Q5); had a positive influence on their perception of IT's potential for solving complex tasks (Q6); and had a positive influence on their general perception of IT (Q7). The compilation of answers in Table 3 also suggests that students, in general, perceived that they learned something but not much about specialized IT applications (Q8) and IT issues in general (Q9). Table 4 summarizes the results of a correlation analysis of the quantitative answers provided for questions Q1 to Q9. The quantitative answers were given based on a Likert scale (see Appendix B), and the analysis technique used was Spearman's (a nonparametric technique -see, e.g., Siegel and Castellan, 1998) . The coefficients were calculated based on a two-tailed test. Full correlation tables with actual coefficients, number of cases and "sigmas" are provided in Appendix C.
In Table 4 , we focus on the relationship among variables Q4 to Q9, which refer to the impact of the case study on students, and between variables Q4 to Q9 and variables Q1 to Q3, which describe student perceptions about IT prior to taking the course and the case study. The correlation links indicated in Table 4 are those with chance probability lower than 1 percent (i.e., P < .01). They suggest that:
• In the sociology application, the impact of the case study on the students' perception that they should take more IT courses in the future (Q4) was significantly correlated with their predisposition to take IT courses (Q2) and with how attracted they were to IT issues prior to taking the course (Q3).
• In the chemistry application, the impact of the case study on the students' perception that they should take more IT courses in the future (Q4) was significantly correlated with their perception of IT's potential for solving complex tasks (Q6). • In the anthropology application, the impact of the case study on the students' perception that they should pursue an IT career (Q5) was significantly correlated with their predisposition to take IT courses (Q2) and with how attracted they were to IT issues prior to taking the course (Q3).
• In the chemistry application, the impact of the case study on the students' perception that that they should pursue an IT career (Q5) was significantly correlated with their predisposition to take IT courses (Q2).
• In the anthropology application, the impact of the case study on the students' perception of the degree to which they had learned something about specialized IT applications (Q8) was significantly correlated with the impact of the case study on the students perception of the degree to which they had learned something about IT issues in general (Q9).
The main sources of qualitative data in this study were the open-ended questions in the questionnaire distributed to students (available in Appendix B), participant observation notes taken by one teaching assistant and one researcher during each case, notes based on the focus group discussion involving one researcher and the students at the end of each case, and the instructor's own participant observation perceptions. The triangulation of the data coming from these different sources suggests positive and negative aspects of each case, which are summarized in Table 5 .
An analysis of Table 5 suggests that the case studies had a positive impact on students' perceptions about IT's potential for supporting specialized tasks (PA1, PA2, PS1, PS2, PC1). However, they evoked negative student perceptions regarding the relevance of this type of knowledge for their chosen major or career, particularly in the anthropology and chemistry cases (NA1, NA3, NC1, NC2). In these two cases, difficulties with using features of the computer systems (NC3, NC4) and their malfunction (NA6, NC3,
Positive aspects Negative aspects
Anthropology PA1: "New computer software and new info. about maps development" PA2: "Saw how computers can be used to trace human history" PA3: "Well organized lectures and labs" Anthropology NA1: "Not relevant to career/major" NA2: "Material itself was very dry" NA3: "I am just not interested in this" NA4: "Doesn't seem to be applicable to other fields of study" NA5: "Needs to be generalized, show how applied to a wide range of fields" NA6: "Computer glitches that need to be worked out" Sociology PS1: "Illustrated IT and gave me an idea of what IT can do & IT's potential" PS2: "Good use of data to find trends" PS3: "Informative" PS4: "Ease of using Excel" PS5: "Learn the job market that is arising & the way it may be in future" PS6: "It showed us the future of the job industry" Sociology NS1: "Did not sound interesting at all" NS2: "It was somewhat boring and slow" NS3: "Calculations were tedious" NS4: "Complicated math" NS5: "Accountant like dullness, need more dynamic involvement from class" Chemistry PC1: "Amazed at how computers work to make difficult tasks easier" PC2: "Made me aware of IT courses to stay away from" PC3: "Liked working with Alchemy in the lab" PC4: "Interesting to use Alchemy in relation with Internet" Chemistry NC1: "Case study did not relate to me leaving me clueless" NC2: "Irrelevance to major, satisfies no requirement, waste of time" NC3: "Waiting long for results and didn't know what to do with them" NC4: "Software was somewhat confusing" NC5: "Computers were slow" Table 5 : Main positive and negative aspects of the cases (In the students' own words) NC5) were also mentioned as negative aspects, even though students also reported enjoying working with the systems (PA1, PC3, PC4). While in the sociology case the computer system was seen as simple and easy to use (PS4), and no malfunctions were reported, the case itself was seen as using complex and "boring" concepts and methods (NS1, NS2, NS3, NS4, NS5).
Discussion and Conclusion
The data analysis suggests that the case studies had a positive impact on how students, who are not particularly interested in IT, perceive IT in general, and its application to complex and specialized tasks. However, it should be noted that this is a small sample size and problems with presenting two of the case studies affected students' perceptions. While the students generally reported that they learned from the case studies, the results also suggest that the case studies did not have a positive impact on the students' willingness to pursue an IT career or take other IT courses. One possible explanation for this, based in part on GOMS theory (Card et al., 1983) and cognitive flexibility theory (Spiro and Jehng, 1990; Spiro et al., 1992) , is that subjecting non-majors to complex and specialized IT applications increases their "respect" for IT's potential, but does not help them gain confidence about being specialized IT users themselves. It is quite possible that the degree of technological and domain complexity in the case studies led the students to believe that using IT was too difficult for the tasks that they may have to accomplish in their chosen fields of study. In fact these observations led us to re-design aspects of the case studies when we created the actual computer fluency course. In particular we attempted to "ground" the case studies by providing real-life examples and incorporating "hands-on" lab experiences to complement each topic.
The correlation analysis suggests a strong positive correlation between the degree of students' interest in IT prior to taking the case studies, and their degree of interest in taking more IT courses in the future and pursuing an IT career. This is an interesting and important pattern since, if this correlation were negative, the case studies would be turning off previously interested students. Another trend is a strong positive correlation between the students' perception of the degree to which they had learned something about specialized IT applications and about IT issues in general. That is, the specialized case studies seem to have served the purpose of advancing the students' general understanding of IT issues.
The results of the qualitative analysis reinforce the findings above and, when looked at from a theoretical perspective, also provide hints on possible explanations for those findings and ways to improve the overall impact of the cases on students' perceptions and learning. For instance, the negative student perceptions regarding the relevance of this type of course for their chosen major or career, which are consistent with the principles of meaningfulness from minimalist theory (Carroll, 1990; and immediate relevance from andragogy theory (Knowles, 1975; 1984 , 1984b , suggest that this type of course may not be appropriate as a "core" (i.e., non-elective) course. Unless the course can be more explicitly coupled with tasks in their major the students are unlikely to make the connection of how these concepts and skills can be useful to them.
The occurrence of computer problems was due to the complexity of the anthropology and chemistry computer systems and related installation problems, which, given their nature, should be relatively easy to eliminate in future course offerings. Identifying these types of problems was one of the advantages of being able to test the prototype case studies before actually teaching the course. The perceived complexity of the topics can be addressed in three main ways: (a) by dedicating more time to the demonstration of the computer systems; (b) by spending more time discussing how the topics relate to the concepts and theory discussed in the lectures, and (c) by shaping the course so that it is more closely aligned with the students' interests (and possibly, major).
A potentially problematic area in studies of this kind is that of evaluation, so our findings should be seen as preliminary and exploratory. Certain variables, whose effects can be expected to surface in situations involving teaching and learning, can add uncertainty to findings based on assessments of the long-term impact of the course on students. For example, a longitudinal analysis may reveal that the expected longterm impact of our course on non-majors' interest in IT topics cannot be clearly traced back to the course, because (it may be the case that) only students who already had an interest in IT topics took the course. While it would be extremely beneficial to follow the students use of these tools over a period of a few years such an assessment was not a part of this study. However, longitudinal studies of this type would certainly be valuable.
The development of new domain-specific case studies is an important area of further research in connection with this study. Another area in which problems may potentially arise is in the development of the domain-specific case studies, where the views of the domain experts about what is an interesting (or even acceptable) topic may not match that of students outside the experts' specific disciplines. For example, a student majoring in history may see a case study on computer applications in molecular biology research as too "dry" or specialized to be meaningful. This can be addressed in three main ways: (a) by providing clear descriptions of the cases addressed by the course; (b) by making it an elective course; and (c) by creating different versions of the course, addressing cases that are relevant to key disciplines, and targeting those versions to specific majors.
Our hope is that other instructors and researchers will use the results discussed in this paper and the framework presented by Aiken et al. (2000) to build courses with similar goals and objectives. For example, one might build a computer fluency course for students in specific fields, such as business, education, social sciences, etc. drawing on specific case studies from the field. This might also provide a good opportunity for trying new ideas and for team teaching with different instructors including case studies from their own research area (i.e. accounting, finance, statistics). Correlation is significant at the .01 level (2-tailed). **.
Correlation is significant at the .05 level (2-tailed). *. Correlation is significant at the .01 level (2-tailed). **.
Chemistry
Correlation is significant at the .05 level (2-tailed). *.
